The pathogeny of osteoarthritis (OA) is very complicated and still is one of the difficulties in a treating procedure. Here, we constructed nanoparticles using hyaluronan acid (HA) and astragalus polysaccharides (APS) for OA therapy. We assessed OA biomarkers and IL-1β-induced matrix metalloproteinase (MMP) expressions. Nanoparticles of 100 nm showed high drug loading of 28.6% (w/w) and extended drug release of 59% over 1 month. Our results demonstrated that nano treatment significantly improved IL-1β-induced cell viability of chondrocytes. Induction of MMP-9, MMP-13, and TNF-α was alleviated by nanoparticles. Furthermore, nano elevated the expression of osteopontin (OPN) and attenuated inducible nitric oxide synthase (iNOS) protein. Our data indicated the protective role of HA and APS-capsuled nanoparticles in OA treatment.
Introduction
Polysaccharides not only are the main constituent of natural products and energy suppliers but also have exclusive and important biological activities. For example, it can improve the immunity and has obvious antioxidation and anticoagulation effects [1] . These bioactivities of polysaccharides are important for organisms, which have become the focus of many research disciplines. As reported, many traditional Chinese medicine polysaccharides used alone or combined with other traditional Chinese medicine polysaccharides can not only improve the local microcirculation but also reduce the microcirculation intraosseous pressure, scavenge oxygen free radicals, and inhibit synovitis and cartilage apoptosis and abnormal regulation of cytokines [2] [3] [4] [5] . The pathological changes of the immune organs can improve the synovial lesion of the joint and effectively inhibit the inflammation. Therefore, the research on astragalus polysaccharides (APS) of traditional Chinese medicine may become one of the important directions of prevention and cure of OA.
Accumulated evidence has revealed the potential mechanism of prevention and treatment of OA by polysaccharide of traditional Chinese medicine [6] . To tackle the dilemma of rapid clearance of biologically active molecules from the lesion, nanoparticles were considered in this study. HA is also a type of biopolymer widely used in treating OA. However, injected HA is not a long-lasting treatment and remains uncertain because of the degradation [7] . Polypeptide micelles combined with antitumor drug and polyion complex have been documented [8, 9] . In addition, recently, HA has been used in drug delivery nanoparticles for targeting cell-surface glycoprotein 44-(CD44-) overexpressed solid tumors [10] . Considering that HA helps the elasticity of synovial fluid and binds to CD44 which is highly expressed in chondrocytes, we used HA as a drug carrier and fabricated HA-coated nanoparticle to target OA sites.
Thus, in the present study, we developed a novel drug delivery system composed of hyaluronan acid and astragalus polysaccharides. We subsequently evaluated the therapeutic effects of formulated HA and APS-capsuled nanoparticles on isolated human articular chondrocytes.
Materials and Methods
2.1. Synthesis of Nanoparticles. The nanoparticles formulated are comprised of two polymers: HA and APS. The preparation of nanoparticles was performed as described previously [11] . We followed and modified the methods of Maudens et al. [12] . 1,2-Dilauroyl-sn-glycero-3-phosphoethanolamine (DLPE) and 1,2-dilauroyl-sn-glycero-3-glycerol (DLPG) were from Avanti Polar Lipids Inc. (Alabaster, AL, USA). HA obtained from Sigma-Aldrich (St. Louis, MO, USA) was diluted to 2 mg/mL in distilled water. APS and lipids (DLPE : DLPG mole ratio of 7 : 3) were dissolved in ethanol and mixed with HA. Nanoparticle solution was evaporated to dry overnight at room temperature in a Buchi Rotary Evaporator Vacuum System. Nanoparticle size was calculated by dynamic light scattering (DLS) using a BI-200SM size analyzer. The nanosuspensions were lyophilized and stored at 4°C for further use. The concentration of nano formulation includes 8% ethanol (96%), 92.8% HA (mL/mL), and 0.2% APS (g/mL).
In Vitro Drug
Release. Saline solution (0.9% (w/v) NaCl) and nano were saturated with the dexamethasone base (0.05, 0.50, and 2.50 mg mL −1 , respectively) at 20°C. Ten milliliters of each of the previous solutions was dialyzed (MWCO: 1000, Spectra/Por® membrane) against 400 mL of 0.9% (w/v) NaCl for 28 h at 37°C and 80 RPM. The polymer matrix was hydrolyzed by heating (121°C) to release the remaining content of dexamethasone, and DMSO was added (1 : 1, water : DMSO). The quantity of the drug released at each time point was quantified by reversed-phase UHPLC using a C18 Hypersil Gold column (50/2.1, 1.9 μm bead particle size, Thermo Scientific, Waltham, USA). The mobile phase consists of 0.1% (v/v) formic acid in water (A) and 0.1% (v/v) trifluoroacetic acid (TFA) in acetonitrile (B), and the following gradient elution sequence was applied at a flow rate of 400 μL min 
Isolation of Articular Chondrocytes.
OA model rabbits (New Zealand female rabbits, 8-month-old, 4 5 ± 0 5 kg) were created using the classic Hulth method as previously reported [2] . Synovial tissues were isolated from the knee joints of New Zealand white rabbits (female, average weight: 2 5 ± 0 5 kg) after being sacrificed with overdose of pentobarbital sodium (Sigma-Aldrich) under sterile conditions. The experimental protocol was approved by the Institution's Animal Care and Use Committee of Jining No. 1 People's Hospital. Cartilage was cut into small pieces and digested by 0.2% collagenase II (Gibco, Carlsbad, CA, USA) at 37°C for 12 h. After washing twice with PBS, the isolated synoviocytes were cultured in monolayers in culture medium composed of DMEM/F12 (Gibco) supplemented with 10% fetal bovine serum (FBS; Gibco, USA) and 1% antibiotics at 37°C with 5% CO 2 .
2.4. Release of Nanoparticles. Lyophilized nanoparticle powder (2 mg) was resuspended with 5 mL phosphate-buffered solution (PBS) and shaken at 100 r/min at 37°C. 500 μL of buffer was collected and measured at a predetermined time point. The amounts of releases were calculated as follows: accumulated released ration = APS amount in buffer/ total APS amount × 100%. The encapsulation efficiency (EE) and loading efficiency (LE) were determined as previously reported [13] : drug loading = wt drug entrapped/wt microparticles × 100%.
2.5. Cytotoxicity Assays. Cell proliferation was assayed using the Cell Counting Kit-8 (CCK-8; Dojindo, Japan). 100 L cell (2 × 10 6 /well) suspension was prepared in a 96-well plate (37°C and 5% CO 2 ) for 24 hours. Various concentrations of nanoparticles (0.5, 5, 10, and 100 mg/L APS) or IL-1β (10 ng/mL) were added to each well at different concentrations and incubated for 24 hours. There were 6 groups in the present study: control (DMEM medium), IL-1β, IL-1β+0.5 mg/L APS, IL-1β+5 mg/L APS, IL-1β+10 mg/L APS, and IL-1β+100 mg/L APS. After incubation for 24 h, add 10 L CCK-8 solution to each well. Incubate the plates in the incubator for 1-4 hours. The absorbance at 450 nm was determined by a microplate analyzer (model 680; Bio-Rad, Hercules, CA, USA). Chondrocytes cultured without NMPs served as the control group.
2.6. Measurement of IL-1β, iNOS, OPN, and TNF-α. Blood samples collected from rabbit were centrifuged at 1000 g for 15 min and 10 000 g for 10 min at 4°C. OPN, iNOS, and TNF-α were measured by ELISA (Hercules, CA, USA) according to the specifications of the manufacturer. Data were analyzed by Bio-Plex Manager software 6.1 to obtain concentrations.
2.7. Western Blot Analysis. Proteins were extracted from the articular chondrocytes. After the concentrations of the proteins were evaluated, equal amounts of protein were electrophoresed on sodium dodecyl sulfate-polyacrylamide gel and transferred to polyvinylidene difluoride (PVDF) membranes. The membranes were blocked with 2% nonfat dry milk in Tris-buffered saline-0.05% Tween (pH 7.4) and incubated with anti-OPN and anti-iNOS antibodies (1 : 2000, Abcam) at 4°C overnight. The membrane was washed three times and incubated with horseradish peroxidase-conjugated secondary antibody (Abcam) at 37°C for 2 h. The protein bands were visualized by an enhanced chemiluminescence system, and GAPDH (Abcam) was used as an internal control to normalize. International Journal of Polymer Science 2.8. Statistical Analysis. All the continuous data were presented as the mean ± SD. All statistical analysis was performed using SPSS17.0. Unpaired Student's t-test was used for the comparisons between two different groups. P < 0 05 was considered significant.
Results

Basic Characteristics of APS-Loaded Nanoparticles.
The nanoparticles have an average diameter of 110 6 ± 12 8 nm.
The encapsulation efficiency was 32 4 ± 0 19%, and the loading efficiency was 75 0 ± 0 02%. The APS was released from nanoparticles in PBS (Figure 1 ). With the degradation of HA, the structure of nanoparticles was broken up and APS was released. In addition, nanoparticles of 100 nm showed high drug loading of 28.6% (w/w) and extended drug release of 59% over 1 month.
Cytotoxicity of Nanoparticles.
We next examined the effect of nanoparticles on cell viability using the CCK-8 assay.
As shown in Figure 2 (a), treatment with nanoparticles caused slight decrease in cell viability. Also, we observed that when compared with the control group, IL-1β treatment remarkably decreased the cell viability of articular chondrocytes (Figure 2 (b), P < 0 05). However, APS-capsuled nanoparticles sharply improved cell viability inducted by IL-1β in a dose-dependent manner. There is no significant difference between 10 and 100 mg/L APS; thus, 0.5-10 mg/L of APS was used in the following experiments.
3.3. The Production of MMP-9, MMP-13, and TNF-α. ELISA results showed that nano containing 0.5, 5, and 10 mg/L APS significantly decreased the concentrations of MMP-9, MMP-13, and TNF-α, which was significantly elevated by IL-1β ( Figure 3 , P < 0 05). These results indicated that APSloaded nano could reduce the levels of inflammation cytokines and matrix-degrading proteins, therefore protecting articular chondrocytes.
The Expression of OPN and iNOS.
Then, we verified the effects of APS on OPN and iNOS in OA chondrocytes cultured with IL-1β. The data of the Western blot assay demonstrated that IL-1β significantly decreased the protein expression of OPN and increased the expression of iNOS, as compared with the control (Figure 4) . However, APS-encapsuled nano markedly elevated IL-1β-induced OPN proteins and attenuated IL-1β-induced iNOS protein expression.
Discussion
All over the world, osteoarthritis is the most common joint disease, disturbing approximately 10% of men and 18% of women aged over 60, which was regarded as immortal cancer [14] . In general, there are various aspects in the pathogenesis process, including cytokines, apoptosis, and protease [15] . Current therapies are not effective or have unwanted side effects. Self-targetability has emerged as a new targeting strategy that has been used in breast tumor, orthotopic hepatoma, and other diseases [16, 17] . Recently, a body of evidence showed that polysaccharide drugs for OA are a promising approach in early and midterm treatment [18] . APS has been used in the treatment of OA in the past years. In this study, APS was chosen as a therapeutic agent 3 International Journal of Polymer Science because of the specific biological effect of polysaccharides. Hydrogels composed of natural polymers such as hyaluronic acid have been used in the delivery of biologies. Importantly, HA is capable of enhancing delivery efficiency for chondrocytes due to the fact that CD44 is the primary receptor for HA internalization, thus facilitating the access to chondrocytes in the joint. Due to the small size and large specific surface area, nanoparticles are considered to be a promising medicine [5, 19, 20] . In the present study, we first combined these two agents and encapsulated both APS and HA in the nano structure.
In our study, the APS-loaded nano were prepared successfully (the morphology of microspheres was not shown). The data of CCK-8 assays showed that various concentrations of nanoparticles presented low cytotoxicity and improved the IL-1β-induced damage in chondrocytes. Based on the cytotoxicity data, we believed that the nano was safe and excellent.
It has been known that the MMP family is a vital biomarker related to articular cartilage degeneration [21] . MMPs are a big family including MMP-1, MMP-2, MMP-3, MMP-5, MMP-9, and MMP-13 [22] . Among these, MMP-9 and MMP-13 are well-studied in the role of OA. Elevation of MMP-9 and MMP-13 is responsible for cleaving extracellular matrix and the construction of chondrocytes [23] [24] [25] . Here, we found that our modified nano declined the elevation of MMP-9 and MMP-13 induced by IL-1β. Moreover, the nano had significantly decreased the expression of inflammatory factor TNF-α, indicating the anti-inflammation role of APS and HA combined nano. Figure 3 : The levels of MMP-9, MMP-13, and TNF-α were determined using ELISA. The values are expressed as the mean ± standard deviation SD .
* P < 0 05 compared with the control group; # P < 0 05 compared with the IL-1β group. 4 International Journal of Polymer Science OPN is known as a cytokine related to OA metabolism; it is noncollagen bone matrix glycoprotein that mediates varied kinds of biological behaviors and often presents in the cartilage and synovial fluid of patients with OA [26] . OPN is an inhibitor to inflammatory substances such as IL-1 and NO, thus inhibiting the inflammatory process in cartilage [27] . iNOS is an isoform of the NO synthase family of enzymes, which correlates with the development of toxicity [28] . Stimulation of IL-1β could increase the expression of iNOS in chondrocytes therefore promoting NO production [29] . We investigated the effect of nanosphere on the production of OPN and iNOS. Western blot analyses indicated that the nanosphere effectively attenuated the levels of OPN and iNOS, leading to suppression of the inflammatory process. These results suggested that the anti-inflammatory mechanism of nanosphere is due to the inhibition of key cytokines.
In summary, we provide a new microsphere of modified medicine that overcomes the quick degradation of drugs. We conclude that APS-and HA-loaded nano can effectively promote the survival of chondrocytes and protect chondrocytes by regulating the cytokines and proteinase.
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